In this paper, a new method for group decision making from imprecise opinions is presented. This method, which is called "moviQuest Decision Making" (MQDM), is the basis of the group decision making in the moviQuest-MAS social network platform.
Introduction
Human social life has undergone a process of virtualization which is becoming increasingly notorious, mainly thanks to technological advances in mobile computing devices, social networking and cloud computing. Nowadays, many people feel more comfortable handling social relationships through digital media rather than face to face. To take advantage of this new dynamic is necessary to provide social networking of mechanisms that replicate the conditions that most modern societies have developed over its history.
Group decision making (GDM) is one of the most important skills to be developed by any community [10, 8] . With the proliferation of social networks, the development of efficient methods to make decisions about issues that are of common interest, using as basis a set of diverse individual opinions has become a topic of great concern. Among the issues to be considered in developing an algorithm for GDM in a social network are the following:
1. The composition of a virtual community is often highly heterogeneous, and consequently the proficiency of its members on specific topics is very diverse.
2. Participation in a social network is not a face to face process, so that ways should be established to ensure the required levels of confidence in individual opinions.
3. Participation in a social network tend to be colloquial and topics of interest are mostly of qualitative character, therefore, the opinions expressed in a process of decision making in this context are often not accurate. 4 . Virtual communities generate large amounts of information that in many cases it is not administered and, therefore, represents a body of information difficult to analyze.
5. It is hard to maintain continuous communication with everyone involved in making decisions on a specific problem.
moviQuest-MAS is a generic platform for implementing social networks which aim is to establish serious relationships between people based on their membership to diverse affinity groups [17] . When these groups are of thematic character (when users are customers of a company or members of different departments in an organization, for example), they can be considered as groups of experts. This structure provides an excellent platform to generate reliable opinions on specific issues. moviQuest-MAS also includes a population of intelligent software agents that are capable of generating complementary views to those offered by the users. Other feature offered by moviQuest-MAS is the capacity to communicate through an intelligent mobile application running on a feature phone as well as from most smartphones. In this way, opinions can be obtained in a more efficient way. These characteristics makes of moviQuest-MAS a suitable platform for group decision making. The remaining challenge to use a moviQuest-MAS social network for group decision making is the availability of a method for integrating all the individual opinions of both human and software agents into a unique global solution.
In this paper we present a new method for group decision making based on the opinions expressed by human users and intelligent software agents organized into affinity groups. This method, which is called "moviQuest Decision Making" (MQDM), starts from the observation that individual views provided by a group of people are usually expressed in a qualitative and imprecise manner. Thus, individual opinions are integrated using a fuzzy aggregation algorithm. The aggregation algorithm takes into account aspects such as user membership in diverse affinity groups, its record of accuracy in past decisions and its own statement of wisdom on a given topic. The MQDM method has been designed with a perspective of sentiment analysis in order to take into account not only the direct opinion of the respondent, but also the intention embedded in its response.
The method presented in this paper has been developed as the core of a software module for group decision making for the social network platform moviQuest-MAS, but it can be used in other social networks or any people conglomeration, even if not structured.
Literature Review
A rich and extensive literature has been generated since the last quarter of twentieth century on the theme of Group Decision Making (GDM). The interest in this subject has intensified recently with the emergence and flourishing of social networking.
One of the crucial aspects of group decision making is the aggregation of individual opinions. Fan et al. [7] , presented a method for GDM problems using ordinal interval numbers ranked by a possibility degree. One option that has been explored by different authors, which has proven to be particularly useful is the use of fuzzy aggregation methods. Ben-Arieh and Chen [3] , for example, present an aggregation method that is called fuzzy linguistic ordered weighted average (FLOW), based on the ranking of fuzzy sets and taking into account an evaluation of the expertise of the voting agents. Merigó and Casanovas [12] , present an aggregation method called linguistic ordered weighted averaging distance (LOWAD), based on several distance measures over linguistic information. Chen and Cheng [5] , presented a linguistic version of TOPSIS (Technique for Order Performance by Similarity to Ideal Solution) for solving group decision making problems in fuzzy environment.
The distinction of voters in terms of their expertise is another important factor to be taken into consideration in a group decision making exercise. Tundjungsari et al. [20] present a reputation based trust model for selecting experts who can play the role of Supra Decision Maker. This model facilitates consensus by having a central decision makers role as dominant role.
Another topic of interest in decision making has to do with the organization of the participants in the decisionmaking process. Alonso et al. [1] present a method based on clustering techniques so as to reduce the size of a large group of experts and achieve a better consensus from the simplified group. Also related to this issue is accessibility for individual opinions. Pérez et al. [13] presented a system whereby users can participate in the decision making process through mobile phones. Stradiotto et al. [19] present a prototype voting system based on Web 2.0 tools and mobile applications for Android smartphones.
The integration of opinions given by human experts with the opinions provided by software agents is explored by Zhu et al. [22] , who proposed a model for group decision making in problems of vehicular traffic control based on multi-agent systems.
Sentiment analysis is a research area which aims to develop tools to translate the ambiguous opinions of Internet users into hard data that can be simple to process automatically. Ward et al. [21] , present a methodology for analysis of feelings about entities referred to in large volumes of documents. Das et al. [6] present a system for aggregating and representing sentiment information drawn from documents structured by a set of simple questions (5W: Who, What, When, Where and Why). Kriplean et al. [11] present a system which aims to lead talks on Internet users so that the intentions of the interlocutors could be clarified for a better discussion. Stepanov et al. [18] , present a methodology to correlate structured responses in a survey with openended comments made by the respondent. Kang and Park [18] , use sentiment analysis in combination with multicriteria decision making to measure customer satisfaction.
Fuzzy Trends Encoding
Fuzzy trends encoding is an encoding method used in MQDM method in order to capture the diffuse sentiments or tendencies of the experts when they issue an opinion. This encoding method uses a triplet of fuzzy sets, as shown in figures 2 to 4. Three types of opinions can be processed with this method: 1) scalar values with fixed distribution, 2) ordered linguistic values and 3) non-stationary time series values.
Scalar values
Answers to many questions can be given using scalar values uniformly spaced, as in the following examples:
• How many children do you have?
• How many political parties are there in your country?
• How many times a day do you eat?
While, these questions can be answered with a numerical quantity, they also can be answered using qualitative terms as few, very many or normal. In MQDM, the opinions expressed by scalar values are encoded by the fuzzy sets "Few", "Normal" and "Many" (Figure 1 ). The membership functions for such fuzzy sets are described by logistic curves, as shown in [14] .
The membership value of the variable x in the fuzzy set "Normal" is given by
where ν is the modal value of the "Normal" fuzzy set and λ is the fuzzy set bandwidth. These parameters are defined by the questionnaire designer. In the example of Figure 1 , ν = 5 and λ = 5. The fuzzy sets "Few" and "Many" are defined as:
and
Thus, a numerical answer of 5 (in the example of Figure 1) is considered "Normal" for the given question, while a value of 0 is considered as "Few" and a value of 10 or higher as "Many". A value of 6 is considered quite "Normal" but somewhat as "Many". In this way each encoded value reflects not only the direct answer, but some information about trends.
Ordered linguistic values
Ordered linguistic values are linguistic labels associated with an order determined by a semantic rule. Many questions can be stated so that possible answers are expressed as levels of agreement, as in the next example:
• How strongly do you agree with the following statements?
The company director has a clear vision about the goals of the organization ( ) Strongly agree -( ) Agree -( ) Neutral ( ) Disagree -( ) Strongly disagree
Ordered linguistic values can be encoded using the fuzzy sets "Disagree", "Neutral" and "Agree", as shown in Figure 2 . These sets are the same, essentially, as those defined by equations 1, 2 and 3, just qualitative labels have changed ("Few" to "Disagree", "Normal" to "Neutral" and "Many" to "Agree"). The number of linguistic values and the corresponding value of membership in the fuzzy sets is defined during the design of the questionnaire. Linguistic values can even be distributed non-uniformly, as shown in Figure 3 . 
Time series values
Time series analysis is a useful tool for decision-making, since it offers the possibility to predict the behavior of a dynamical system from its past behavior. The time series analysis is based on the assumption that the vast majority of dynamic systems are causal and, therefore, predictable. In this case, it is expected that the dynamic system behavior in a given time t is determined by its previous behavior, say, at times t−1, t−2, etc. In some cases it is possible even to use additional variables to the time series itself, or several time series that are expected to have some correlation (database time series). The time series analysis is one of the most important tools in pattern recognition, particularly because of its ability to deal with complex dynamic systems.
The encoding method by fuzzy trends has been tested successfully for time series prediction, as reported in [14, 15, 16] . In the work reported in such papers the aim is to predict the future behavior of dynamical systems. This task is performed by a set of software agents provided by automated reasoning methods. The method has yielded interesting results even in problems related to non-stationary time series.
In moviQuest-MAS, the time series prediction is performed by software agents responsibles for different activities of pattern recognition in the social network, such as the number of users attending an event, the amount of sales of a product through the social network or the most appropriate time to send a message.
The fuzzy sets used in the forecasting of time series values are labeled as "Down", "Stable" and "Up" ( Figure  4 ). 
Fuzzy representation
The representation of fuzzy values in MQDM method follows the scheme used in the Fuzzy Inductive Reasoning (FIR) technique [4, 2] . This encoding uses a triplet formed by a linguistic label that describes the name of a fuzzy set, a numeric value that represents the value of membership in the fuzzy set and an additional qualitative value that describes one side of the membership function ("Left", "Center", "Right"). The fuzzy set used in such a triplet is the one in which the quantitative value that has been encoded has the largest membership value. Thus, the value 7 in the example of Figure 1 (for scalar values) is encoded as (N ormal, 0.68, Right), while the value Rather agree in the example in Figure 3 (for ordered linguistic values) should Figure 4 is coded as (Stable, 0.75, Lef t).
Two complementary concepts to this representation are those of "neighbor fuzzy sets" and "pointing out to". These concepts are defined as follows [16] :
Definition 3: Two fuzzy sets α and β are said to be "neighboring fuzzy sets" iff α = β and α ∩ β = φ, being φ the empty set. This relations es represented as N (α, β) .
The variable x is said to "point out to" the fuzzy set α iff: 1) x ∈ β and N (α, β), and 2) α is located at the same side of β where x is placed on. This relations es represented as x → α.
According to these concepts, the value 7 in Figure 1 points to the set "Many", that is, it is a value that can still be considered "Normal" but with a tendency toward "Many".
Fuzzy Opinions Aggregation
The aggregation algorithm used in MQDM method is a kind of voting process which takes into account the tendency of individual votes. For this purpose, individual votes are processed to calculate the fuzzy aggregation indexes. These indexes allow to accumulate not only the direct votes given by voters, but also the inclination of the voter for other possible solutions.
We define the fuzzy aggregation index for the fuzzy class α as follows:
being n the number of votes issued; V j the vote of agent A j and W j the value of confidence in the opinion given by the agent A j .
The confidence value W j allows to discriminate the quality of individual opinions and is based on three factors: 1. The value of self-confidence on the opinion provided by the author.
2. The impact that opinions of the author have had on previous group decision making, when available.
3. The rating of expertise of the author about the issue under discussion, if available.
Thus, we define the confidence value of the opinion provided by the agent A j as
where κ j is .Ē j is a normalized mean error measure taken over the agent historic performance and is typically used for decision making based on time series data. Ω γ is the level of mastery of the all agents in the group γ. This parameter allows that opinions given by agents belonging to groups with low levels of mastery in the issue of interet Figure 5 .
Impact of group expertise on the weight of individual opinions (computed from equation 5).
have little impact on the overall decision and that opinons by agents who belong to groups with high mastery to be strongly taken into account in the final decision (see Figure  5 ). If any agent involved in the decision making process is ascribed to different groups then the value of Ω γ in their opinions is taken as the mastery value assigned to the best ranked group on the topic of discussion to which the agent belongs.
κ j is provided by the voter through a question such as: On a scale of 0 to 10, with 0 being "not at all" and 10 "completely", How confident are you about your answer? The answer is normalized between 0 and 1. E j is given by:
where N is the number of decision-making exercises in which the agent has participated. O n is the "correct solution" in the n-th decision-making exercise,Ô n j is the corresponding opinion given by agent A j and κ n j the selfconfidence provided by the agent A j about its opinion. When decision making consists in predicting a precise value, the correct solution is that value. In other cases, the correct solution can be computed as the collective decision finally taken by the community. In cases where it is not possible to define which is the right solution, the individual error is taken as zero for all agents. d is defined as follows:
Other case (7) The term ξ n j in equation 6 is a measure of the error the agent induced in the collective decision-making and is given by
whereÔ n is the collective decision yield in the aggregation process andÔ n (−j) is the collective decision resulting from ignoring the opinion of agent A j (d is defined as in 7). V j is calculated according to the equation:
Any other case (9) being X j the opinion given by the agent A j . Ω γ is calculated adaptively: The initial value for each new group is assigned "by design" that is, the organization that owns the social network specifies a value of expertise to the group, depending on organizational level (managers, consultants, specialists, operators, etc.). Then, this value is changed after each decision-making exercise, based on the average error committed by all members of the group, according the following relationship:
whereΩ γ is the current value of Ω γ , that is, the value used in the last decision-making exercise;Ē (−γ) is the average error produced by all the participating in the exercise, except those belonging to the group γ andĒ (γ) is the average error produced by agents belonging to the group γ in the exercise.
The winner in the voting process is the fuzzy set whose index obtained the greatest punctuation. This set is selected as the new class value and the corresponding membership value is just the value of the fuzzy aggregation index for such class. The new side function value is taken as pointing to the neighboring set from the winner one that obtained the second highest score in the voting. Thus, given the fuzzy sets "Agree", "Neutral" and "Disagree" of Figure 2 , if I N eutral = 0.75 is the highest index and I Agree is the second highest ndex, then the final decision would be (N eutral, 0.75, Lef t).
Discussions and Results
In order to show the performance of the MQDM method the following synthetic example has been set:
A group of forty-five respondents were presented a questionnaire that includes the question shown in Table 1 , which also shows the eligible answers for that question. It is assumed that the linguistic values are spaced evenly on the area of discourse of the fuzzy sets. The corresponding fuzzy coding is also shown in Table 1 as well as the ID of each option for reference in the following tables.
The respondents were taken from the three affinity groups described in Table 2 . The table also includes the expertise rating (Ω) of the group about the issue related to the survey. Table 3 shows the results of the survey. This table includes opinion given by each respondent, the selfconfidence value (κ), the group confidence rating (Ω) of Table 2 . moviQuest affinity groups to which respondents belong.
the best qualified group in the survey topic to which the respondent belongs and the individual historic error (Ē) on previous decision making exercises. Table 4 shows the results of 5 tests performed with synthetic data which shows the effect of subsequently adding each one of the elements in the computation of fuzzy aggregation. The tests performed were as follows:
Test A Direct counting of the individual votes.
Test B Fuzzy opinions aggregation using W j = 1 for all opinions. with κ = 1 andĒ j = 0 for all agents.
Test C Fuzzy opinions aggregation, computing W j using the values of Ω as given in Table 3 ,
Test D Fuzzy opinions aggregation, computing W j using the values of Ω and κ as given in Table 3 , with and E j = 0 for all agents.
Test E Fuzzy opinions aggregation, computing W j using the values of Ω, κ andĒ j as given in Table 3 .
As seen from the results of test A, the most voted category was that of Fairly agree. This result corresponds to the typical result in a ballot: the response that corresponds to the statistical mode is chosen as the winner. Table 3 . Responses to the questionnaire item.
who are "strongly disagree". The opposition to the statement by those who say they strongly disagree is heavier than the position in favor of whom is said to be fairly agree with the statement: a respondent who says being fairly agree with the statement is implying that it is not entirely agree with it. Test C takes into account the fact that not all mem- Table 4 . Direct answers to the questionnaire item.
bers in a community have the same level of knowledge and experience to make decisions about the affairs of the group. Because in moviQuest users are organized into affinity groups, it is possible to assign different weights to individual opinions, depending on the groups to which the author belongs. Thus, the collective opinion will lean towards the position taken by the experts in the field. Another element that must be taken into account in decision-making group is the self-assessment of quality of own opinion. The results obtained in test D takes into account the measure of self-confidence that each agent adds to its answer. Again, this factor tips the decision to the opinion of those respondents who feel more confident in their answer.
Finally, in test E the errors induced in the overall result by the respondent in previous decision making processes are taking into account. 
Conclusion
A group decision-making procedure must consider a variety of subtle factors that are often ignored at a direct voting process.
The first of them is the intention of an opinion; that is, when anybody choses an option from a pool of possible answers, him/her also states a general position on the universe of discurse of the options (chosing a political candidate also states a preference over some political position to the right or left wing). This characteristic is properly captured in MQDM by using a fuzzy aggregation process over three fuzzy sets which describe the deviation of individual opions from a central value. As can be seen from experiment in section 5, the final decision obtained by taking into account the intention of the individual opinions can be completely different to the result obtained by direct counting of votes. This way of evaluating the opinions expressed by experts in a group decision making exercise involves a form of sentiment analysis barely explored.
Another important factor in a group decision making process is the weight that each individual opinion should have. MQDM uses a confidence measure defined by three parameters: The mastery of the agent in the subject under discussion, the agent history in previous decision-making exercises and the self-confidence of the agent on his opinion. Affinity groups in MoviQuest-MAS are a good way to handle the agent's expertise in the various discussion topics, while its profile on the social network allows to keep track of their participation in previous exercises. While the organizational structure of moviQuest-MAS facilitates implementing MQDM method in a social network, this method can be applied in any other group decision making context, requiring only define how to manage the confidence factors of individual votes.
The possibility of using software agents to predict time series and even to detect other types of patterns from data generated by users on the social network extends considerably the potential of the method of decision making in moviQuest-MAS.
The results from the experiment reported here are encouraging. Currently we have implemented this method in the social network QuoSity (moviquest.com) and we are currently developing the necessary modules to gather individual opinions through microblogging conversations which would include the predefined set of answers. Like other conversations in moviQuest-MAS, the answers can be issued directly on the website or through the mobile application which will sent the answers via SMS. The exercises to be performed in this network will allow to tune the parameters used in the MQDM method and we hope to confirm the utility of this method.
The tendency of people to use more and more frequently the social networks for a variety of communication activities, converts these new spaces on a platform that should be exploited to bring better services to more people. The ability of these platforms to quickly communicate large groups of people, especially when combined with the use of mobile devices, makes of them an ideal tool for companies to interact with its customers to "co-create" value. In this context, moviQuest-MAS represents a suitable platform for e-business and MQDM method a valuable tool for decision making.
